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Outline

* Underlying philosophy & vision
 Introduce the ARL Trade Space Visualizer
(ATSV)
* Recent efforts that have extended the
ATSV capabilities
— Derivative display
— Feature finder process
— Uncertainty visualization

 Summary
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Vision

Develop advanced design environments...

computer tools, applications, and networks to support modeling,
Simulation, analyses, workflow, collaboration, data vaulting,
information access

that will allow design teams to...

— eliminate avoidable design errors...

modeling, simulation, and analysis; access to domain experts
(collab), access to legacy and current design knowledge

— with no waiting...
workflow, collaboration, faster codes, central data repository

— and remember everything

configuration management, data vaulting, rationale capture; all
models, documents, analyses results, etc. related to the design
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Underlying Philosophy

« The assumption that we can capture a decision maker’s
preference a priori is wrong.
* People want to shop, gain intuition about trades
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Underlying Philosophy
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« The assumption that we can capture a decision maker’s
preference a priori is wrong.
* People want to shop, gain intuition about trades

* Design is decision making, optimization is automated
decision making
« “Automation can make people stupid” — Gary Klein

* Trade space exploration is a complex task, requires a
powerful interface
* “No kazoo concerts in Carnegie Hall” — Bran Ferran

* Violin, F-16, ATSV are complex and noninutuitive initially...but
empower the user with training and experience
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Design by Shopping

« Large number of feasible designs can be
generated using design automation.

* By exercising design automation, the feasible
design space can be graphically displayed,
allowing a decision-maker to form a
preference after viewing the design space.

« Support search of complex design spaces
using multidimensional visualization
techniques.



PENNSTATE
ﬁ Applied Research Laboratory

Trade Space Exploration Using the ATSV

Build Model Run Experiments Explore

ATSV

Bistmt] | B iskes "'|£J"I.E"‘”“"' W...|gau=u...|...Qew...-[-w...l:s -|

Repeat 10,000+ times
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Rule capture for subsystems

* Use Mathematica

*Gather design rules in a
format that is both
readable and executable

» Supports literate
programming paradigm

« Mathematical
typesetting greatly
enhances readability

{= compute the ideglized theoretical impulse =)
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Array Design Rules

arraySiz _, beamwidth , doAtWidth , depth MW <
Modul Sound, wavelength, sigStrength, sizeOfArray, solArray |,

speedOfSound = 1492. 9+ dEGPlth . Coded in Mathematica

Equations are readable AND

wavelength = I ; executable

Backsolve for the
solArray = FindRoot AROER, sizeOfArray variable



PENN

STATE

ﬁ Applied Research Laboratory

Body Design Rules
N.@.Da). |

Solve for plane depth

TATE

eq=

1

+ 2 planeDepth

planeDepth = planeDepth
Calculate coefficients

Calculate drag
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e Documents
the rule set

 Also serves
as
executable
model

) Applied Research Laboratory

Converted to

Mathematica Document

# Mathematica 4.1 - [wig.nb] o ]
File Edit el Format Input Kermel Find ‘Window Help
E wig.nb - II:IIﬂ
IEECEEEEEEIK
ey By e B B I8 4B Iy I R sy [ |:|
=

= LrEpIiIes - JJJJ

4.2 All engines running - specific fuel consumption madifisr

The ecquation below, taken from Raymer, provides a multiplier to be used for a given engine's SFC at max thrust. This accounts for the decrease in SFC when rin at lower thrust settings, off the
design point.&s has been seen by the Russians, the thrust recpuired in cruise is orders of magpdtude less than the thrust required for liftoff.

1
thrustRatio

i .24

cRatio[thrustRatio , machHum ] := Module[{ Y, +
- - thrustRatio thrustRatio-s

+ .66 thrustRatio® + .1 machHum [

The plot below shows howr the modifier plots against percent macitnm thiust and flight mach nowber. As the mach nwber goes up, the plot more nearly approaches a contiruously decreasing
fumetion.

Modifier giwen thrust

and mach nuamber maltiplier

o
‘I
o 1.z
I'\
\\
\ | 1.15
W
5, 11
R
.
- 1.05
A
“.
— te——e b percent max thrustc
0.z 0.4 L

Define two different functions for caleulating the SFC. One assumes all engines rinning, at possibly very low thrasts. The other assumes some engines arve shut down, and others are running at their

design point.
sfcCalcillRunning[speed , thrust ] := Module [{max:h = speed f speed0fSound, thrustRatio, sfc},

Fheuot

[ 100% ~ 4| |

- thrustRatio]] ]

T
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-
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'”* Mathemati... Crystal Ball | @ Sheetl | @ Yulcan, xls

li‘Startl J 2 Microsaft.,, v| |53 C:\Program FI B CWINDOW, ., | 14 java
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ARL Trade Space Visualizer (ATSV)

* Multi-dimensional
Data Visualization
Capabilities

— Glyph Plots

— Histogram Plots

— Parallel Coordinates

— Scatter matrices

— Brushing/Linked
Views

* Display multiple
plots simultaneously

Cube Ghmh Plot Mapping b
K- Axis
Prop hd |
¥ - Axis
Cost - |
£ - BEis
Rxniwheelldx -|
Size
Dry_Mass hd
Color
Dl -|
Orientation
Constant v|
Transparency
Constant v|
Update Plot

RxnWheelld:

£ Glyph Plot : C:\Documents and m (08

=101 x|

Glyph plots

Low DelV

High DelV
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Brushing
* Apply Constraints to the Trade Space

£ Glyph Plot : C:'Documents and Setti
. . [ Mapping | Options |

Brushing — A multi- iy :
dimensional Cost -5
visualization technique e .
. Slew_Time b d &
that only displays Y
designs that satisfy a ol wass < |8
user-defined upper =
and lower bounds to S 15
the trade space perv B
Orientation E
- Constant '||1|
Show only designs : o
ransparency £
that cost less than —— -
o ~~ E
7000 units \
Update Plot |

——

|2 BrLISh HFTerere : | E=
Ad sh Preference Control |F'reference Shading ¥ | ‘ Store Controls |
Cost | 1es7.08 7000 ==l [ Bwm [
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Brushing

 Visualize Trends

Brush a
variable
that is not
displayed
in the glyph
plot

Apply a brush on
PPS Energy

q
E

fl‘ulapping |'/0'pt_inns |
¥ - Axis
muzzlevelocity "H%J
Y- Axis "
RoundMass "“%
£ - AXis
external gun length '||r£
Size
Constant "|£
Color
PPS Yolume "|%
Orientation .
Constant "|%
Transparency
Constant o %

\up\date Plat ‘

& Brush /Preference Controls

Ad

FFS Energy | rEaas

Rush Preference Control |PPS Energqy

"|| Store Controls |

-0 x|

I -

1} Max
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Brushing

 Visualize Trends

Brush a
variable
that is not
displayed
in the glyph
plot

Apply a brush on
PPS Energy

rl'ulapping rom_iuns | g
X - Axis :
muzzlevelocity b ‘%
¥ - Axis
RoundMass - |%
£ - AXis -.
external gun length ‘-ﬂ
Size
Constant gt ‘%
Color
PPS Yolume x ‘%
Orientation
Constant bt |£
Transparency
Constant o ‘lrﬂ

Mmm |

& Brush /Preference Controls

=101 x|

ki

== T

Add Brush Preference Cantral ‘PPS Energy . | | Store Controls ‘
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Brushing

 Visualize Trends

[ Mapping | Options | :.

Brush a X-has

. muzzleVelocity "H%J :

variable N—
that IS nOt RoundMass "“% el

displayed 7. axis

|n the glyph external gun length "||r£

Size :

pIOt Constant "|£

Color

PPS Yolume "H%

Apply a brush on Orientation
PPS Energy Sobeid s

Transparency ) ; Roundidass

Constant il |—£

Upm IE

& Brush /Preference Conirols

Add Brush PreferenteCaontral |PP5 Energy "| | Store Controls |
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 Visualize Trends

Brush a
variable
that is not
displayed
in the glyph
plot

Apply a brush on
PPS Energy

_H.'&f. w3 1

Brushing

L]

Fir
ol !
rl'ulapping rom_iuns | b

X - Axis :
muzzleYelocity - H%J
¥ - Axis -
RoundMass - |% .........
£ - Axis
external gun length ‘—%
Size
Constant - H%
Color
PPS Yolume x ‘%
Orientation
Constant - |%
Transparency
Constant b ‘%
Updatemt\ |

& Brush /Preference Controls

=101 x|

190

RoundMass

Add Brush Preference Contr

PPS Energy

B | | Store Controls ‘

crsreny | 2oocos [ i [ | e |
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Brushing

Visualize Trends

f= Glyph Plot : C:'Documents and Se
fMapping FOMiuns |
X - Axis

PPS Energy
increases in this
direction

muzzleVelocity b H%

¥ - Axis

RoundMass - H% T T P —

Z - Axis

external gun length ¥ |

Size

Constant o “%

Color

PPS Volume v |

Orientation

Constant . |

Transparency ) p Raun

I
w =
Constant ||—

Update Plot

Add Brush Preference Cantraol |F'F'5 Energy o | ‘ Store Controls ‘

PPS Energy 7688.8 283E04 | o Max
I i ===0 [ ¢ |
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Preference Structures and Pareto Frontiers

« The ATSV can visualize preference structures and Pareto frontiers.
« Designs that lie on the Pareto frontier are identified with white markings
. MaX|m|ze AV and minimize cost

€’

£ Glyph Plot : D:\Projectsdatavis £ Glyph Plot : D:\Projects'datavis
Mapping || Options | Mapping || Options |
X - Axis i X - Axis :
I3 |
| Detta_v I3 G Rt ~ = ol
Y - Axis : Y - Axis
| cost ~ | Cost ~[®
Z - Axis Z - Axis
¥ I RLZ
Rz g =
Size Size :
| Constant - % Constant - |— |
Color 2 Color
Preference Shading ¥ % Dreference Shading v|
Orientation : Orientation
I3[ 1
.Constant - (e Constant V|
Transparency §§ Transparency
| Constant - % Constant V|
Update Plot Update Plot
&R W= & Brush /Preferenc - o] x|
Add Brush Preference Caontral |Cust ~ | Store Controls | Add Brush Preference Control |Cust st I | Store Controls |

petay | sesns | | zaosr [T o | fwax || 8 | ooy | ssens || | zwsr [OWP s | fmax || 36
o [ | [ oo o] B [ %[ [ _wm ] [ et o0 | B (36

Greater importance on Greater importance on
minimizing cost maximizing AV
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Stereoscopic Visualization

« The ATSV uses advanced visualization hardware that
displays data visualization plots in stereo mode

* The Visualization Toolkit (VTK) is used to output data
visualization plots in stereo mode
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Demo-Enumerations

 Coords

* Prop choice, prop
mass, DV

e Color — RW index

* Note individual curves
for combinations

& Glyph Plot : C:A\DOCUME~1'\may1064LOCALS~1%Temp

Cube Giyph Plat Mapping | |

Ghyph Plot Options i

X - Axis :

Prop e |

Y - Axis !

Prop_Mass hd |

£ - Axis _.

Delv |

Size

Constant v |

Color

RxnWheelldx |

Orientation

Constant v |

Transparency

Constant 4 | iz ~T

Update Plot Il
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& Glyph Plot : C:Documents and Settings',may 106'Desktop’, DI
Cube Glyph Plot Mapping | |
Glyph Plot Options |
X - Axis :
£->Qdelay -
« Coords Y-S R
— Z_Qdelay, ¥->thruput | _::_l_-#:%______
Y_th ruput, 7 . Axis .F-:-I.:-II flule np '.PJ_
Z_thruput - e
- Z-=thruput all [ "
: L ¥}
Size = |. |I.E_.= .l .l - [ 1-?
e Note: Are 55 I. ..!;l veaw apma W |'“_....—:;.:-E1-‘_
Constant > (= - ot ad e
patterns due to -
network coler _ 4
performance or  |z-Bw Enum M :
artifacts of Orientation
Opnet? Constant w7
* Brush variables —
to look for
) Constant ad E
correlations --
Update Plot 7-=Cidela ¥
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Recent Efforts
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* Recent efforts have focused on extending
the ATSV capabilities
— Derivative display
— Feature finder tool
— Uncertainty visualization
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ATSV - Derivative Display

« Motivation : Visualize derivative information around the selected point

£ Glyph Plot : D:'\work  AIAAAlban

| Mapping romiun_s |

X - Azis i
InputDelta_V/ v"%
¥ - Axis
-
Z - Axis
InputSlew_Angle vu%
size
Constant v"%
Color
Mass v"%
Orientation
Constant v"%
Transparency
Constant v"_%i
Update Plot

Select a

point in the
glyph plot

Visualize
derivatives at the
selected point

o

1 Point 3242

’_ d Cost)d di Inputhrelta_2f )

: Hormalized Deriviative = 1.2918

: Actual Deriviative = 758.0583

“hzsa1. |

—ad = LS
=] | 1
‘| oosa. | . | |
86... InputDelta_V AT
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Calculate Derivatives at a Design Point

* Procedure

— A user selects a point in the trade space and
the ATSV fits a surface approximation at the

point
» Least-Squares Fit
—y=Xa,thena=(X"X)1XTy
* Derivatives at a selected point are

calculated by using the first derivatives of
the polynomial surface approximations.



PENNSTATE

€’

Applied Research Laboratory

ATSV Derivative Display

1. Select a point in the

trade space

X - Axis
muzzleYelocity b d m,
£d
Y - Axis
RoundMass - r%!
Z - Axis
PPS Mass - %
Size
Constant - ki
4
Color
Constant - |E,
£d
Orientation
Constant - ki
4
Transparency
Constant - ’9
bdl
Update Plot

@ RoundMass=1.912

@ external gun length=56376
@ braking force=140257

@ Cannon CGx=0.16

@ Cannon CGy=1.7562
@ Cannon CGz=0.128
@ PPE Yolume=0.4036

2. Calculate a polynomial
surface approximation for

each output selected

3. Calculate and
visualize the slope at
the selected point

=lof x|

@ mumleVelocit=2162.2

q Qutputs

undMass
external gun length
hraking force

raking force
annon CG x
annon CGy
annon CGz
PPS Yolume
PS Mass

PPS Energy
Eest Barrel Length
anhon assy mass
hreech width
reech height
nternal gun length

est Barrel Length
anhon assy mass
reech width

reech height
nternal gun length

=10l x|

'Fnuzzle\felocity

@ Closest Brushed Designs il

 All Brushed Designs

Perform Regression |

Hormalized Equations

FPS volume : R-Squared = 1 |‘
0.0067 + 0.2147*muzzleVelocity + 0.3558(

FPS Mass : R-Squared=1
0.0447 + 01689 muzzlelelocity + 0.320

FFPS minimum height : R-Squared = 0.99
F0.0513 + 0.511 " muzzlevelocity + 0.6312

| Select Derivatives at Design ??[/

| Plot All Dermvatives at Design 770 |

| List Derivatives at Design 770 |

Iyl
/

& Dorivative Analysis for Point 4188 100 x|
LT
muzzevel.,
Cutpuat
) 04384
Pt
g
011534,
1
Scatter Plots
‘& Derivatives for Point 770 1 =10 =]

(P RS \blumeid(muzzlelk

74

A(PP3 bassyimuzzletlocit

~ | =

" d(PPS minimum heightydtm. d(RRS Energy Mgmuzzle\blo

e

d(PPS \blume)id(Roundhass d(fPS hassyd(Roundhss)  d(RRS minimum helghtyd(R

/

%

+

(PP EnergyVid{Roundhisss

+

Matrix Displays
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ATSV - Feature Finder

& Glyph Plot : C:\Program Files\Wolfram Research’Mathe
= = 4

* Trace interesting features ‘o= e

€’

In trade spaces to |
conceptual model design =
rules

« Examples of interesting e
features include, = I
— Discrete trends

mmmmmmmm

— Isosurfaces
— Knees in the curve
— Second-Order trends

» Possible causes
— Constraints temalradivse

— Logical branches in the
conceptual model

23 ] ToE.HD2

Yolume
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Steps to Implement Feature Finding

* Instrument the code to
record and report (via
flags) paths taken in
logical branches

* Modify ATSV to
visualize the flags, let
user look for
correlation

* Modify ATSV to trace
flags back to the
originating line of code



PENNSTATE

Applied Research Laboratory

Feature Finder Process

 |dentify interesting features in trade spaces (ATSV plotting capabilities)
« Visualize design rules values and identify design rules of interest
« Trace back to the design rules in the conceptual model

€’

1. Find interesting 2. |dentify design 3. Locate conceptual
features rules of interest model design rules

Mapping | Options | :
X - Axis

Engine Power - !lﬂ
- Axis ;

Tank Rules
Tanik Design Helpers

Update Plot |

2 distinct Find functions that Locate design rules in
. switch on the the conceptual model
isosurfaces interesting feature
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This glyph plot £ Glyph Plot : D:'\work ' ATAAAlbar
displays a knee in [ Maping_[{Options | :_
the curve which is N i
Volume w =
caused by tank e
. . ¥ - Axis :
radii reaching a p— Tl
sizing constraint. ; il
£ - BHis N ke
To accommodate internalradius ~ |5
additional volume, o
spherical tanks e JE
increase their radii, until ||~ ol
a limit is reached. ’ LUt .,
Then, the tanks { FIau::minInternaIHadiuQ - % REIHETAnES
become cylindrical if Orientation
more volume is Tl
Constant w (=
needed. i [
) _ Transparenc\y\
Red designs : Spherical | ~ &
tanks o 1B
_ \4 ; “olume
: deygn: Update Plot
Cylindrical tanks . internalBadius = Min[maxBadius, radlen]
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ATSV - Uncertainty Visualization

« Motivation : We are currently developing methods to capture a
design’s uncertainty using conceptual design.

 As aresult, the ATSV has been extended to visualize a
design’s uncertainty

Conceptual Models
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Visualize Design Feasibility Using ATSV Plots

£ Glyph Plot : D:'\work ' AIAAAlIbany

Gﬁ'

*The ATSV stores a [ Mapping | Options | \
design’s feasibility and e .
treats this metric as an ™2 “la
extra dimension in the —— g S
trade space. Z- hxis ff i ISR
=i
For example, the L = c ; =W
feasibility of a design is  [reastary -5 : ano ety . oy
mapped to the color Color e
and size of the glyph foashly M
Orientation ;
CUbeS' Constant - ||%
Transparency :
Constant "'”%
Update Plot | -

muzzlevelocity

Large red designs : High
feasibility

Small blue design : Low
feaS|b|||ty Add Brush Preference Control |PPS Energy - |

PPS Mazs 1452 [ w0 |~ 50 [ Bwn |
PPsEneray | 021208 || | zreeos [T fso [ fmax |
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Brush Feasibility

« User can apply constraints to design feasibility

AIAAAIba
X - Azis
muzzleVelocity - ‘|ﬂ
Y - Axis :
RoundMass - H_{JI
Z Azis
PPS Energy - u%
Size
Feasiblity - H'{JI
Color
Feasiblity - H%
Orientation ]
Constant - H_{JI
Transparency :
Constant - H%
Update Plot

"-..,AI'AAAI[J'
X - Azis :
muzzleVelocity v”%
Y - Axis :
RoundMass v||r_IJ|
Z - hxis
PPS Energy v”%
Size :
Feasiblity v”__IJl
Caolor
Feasiblity v"%
Orientation E
Constant v"_{JI
Transparency
Constant v"%
Update Plat I

Add Brush Preference Control |Feasihlity > ‘
prsmas | 1a522 || % 360.27 ==l [ Bwe
FRS Enaigy | 8212.88 - . EEEEEIT | == | 50 ||

g %ﬂ_ %

Add Brush Preference Control |Feasihlﬂy b |
. EETE %W —o— T [ Gwm
PPsEnesy | 821288 || | z7sE04 J| - Jmax
Feaslbiity BEET v % a0 I % |

Show only designs that are
90% - 100% feasible

Show only designs that are
0% - 90% feasible
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Summary

« Extended ATSV capabillities to include
derivative display, the feature finder tool, and
uncertainty visualization

e« Questions or comments ...

SR Glyph Plot : D:\work\ATAAAIbanyda IR =Tl Glyph Plot : D:\work' ATAAAIbanydata)uncertain
X - Axis
g Volume - H%
Y - Axis
- weight = H%
% Z - Rxis
| internalradius - H%
Siz
i 1 Constant = ”%
Calor
g Flag:mininternalRadius 5 H%
Orientation
Constant - ”%
T parency
Constant - H%
M J Update Plot |
i muzeVelocy F
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